INTRODUCTION
Among all cancer types, the colorectal cancer is common malignancy worldwide and more than 940,000 new cases and nearly 500,000 deaths occur each year in the world due to this cancer. [1, 2] Although, a broad variety of treatment for these cancers are currently available, almost all clinically used antitumor treatments exhibit toxic side effects such as anorexia, constipation, depression, diarrhea, nausea/ vomiting, and neuropathy among patients who receive these treatment regimen. [3, 4] However, due to adverse reactions induced by these therapeutic strategies, life quality of cancer patients is affected, and many patients are at risk of treatment discontinuation. [4] [5] [6] Even, to reduce these complications, it may reduce the therapeutic dose the immune system cannot destroy the cancer cells in this situation. [10, 13] Furthermore, this nutrient may improve the immune system through the proliferation of lymphocyte and macrophages. [17] Whereas, antioxidant properties of this amino acid play a beneficial role in protection of structure and function of gastrointestinal tract, it can be a favorite option to reduce some complications of colorectal cancer treatment and improve gastrointestinal adverse events. [18] [19] [20] Although, several studies demonstrated that there are beneficial effects of Gln on cancer complication, [20, 21] some results were not consistent with them. [12, 22] With respect to the contradictions in different studies and the importance of reducing the side effects of cancer treatments, this systematic review was conducted on randomized controlled trials (RCTs) to investigate the effects of Gln intake on several complications of chemotherapy, radiochemotherapy, and postoperation including, diarrhea, vomiting and T-cell dysfunction in patients with colon and colorectal cancer. [17, 20, 23] 
MATERIALS AND METHODS

Search strategy
Systematic search was conducted in electronic databases including PubMed (www.pubmed.com), Google Scholar (scholar.google.com), Cochrane Library (www.cochrane. org), and SID (sid.ir) to identify studies assessing Gln effects on colon and colorectal cancer complications induced by therapeutic methods, published before July 2015. Search strategy was performed by two independent investigators according to the criteria of preferred reporting item for systematic review (PRISMA), without any language and time limitation. Search phrase was as follows: ("Glutamine"
[mesh] OR "L-Glutamine" OR "D-Glutamine" OR "oral glutamine" OR "dietary glutamine" OR "supplement of glutamine") AND ("Colonic Neoplasms" [mesh] OR "Colorectal Neoplasms" [mesh] ). The title and abstract of all identified papers were assessed by two independent researchers and irrelevant articles were excluded. The full text of the remaining papers was examined to determine the illegible studies. In addition, we performed a manual search for using of references from review articles to identify other potentially eligible studies.
Eligibility criteria
We included all articles that focused on the effects of oral, supplement, injection or dietary Gln consumption on therapeutic side effects of the colon or colorectal cancer. Studies were excluded if they had not the clinical trial design and performed in animal or in vitro. Moreover, if researches were reported the association between serum Gln and cancer without Gln intake or the effect of Gln on overall gastrointestinal side effects of treatment without mentioning the specific findings for colon or colorectal cancer or administration of other supplements or drugs with Gln intake, we withdrawal them.
Assessment of quality
All included studies in this review were scored by Jadad Quality Assessment Scores. The scale articles were assessed according to three items related to the validity of RCTs: "(1) Was the study randomized? (2) Was the study described as double blind? (3) Was there a description for logged dropouts?" It is composed of a total score of 0-5 points. If the total point is between 0-2 points and 3-5 points, the article is considered to be low quality or high quality, respectively. [24, 25] Data extraction Information that have been extracted from each study included: First author name, year of publication, type of RCT, sample size and sex in each group, age range, type of intervention, duration of intervention, statistical adjustment, followed event, P-value, and quality score.
RESULTS
Detailed processes of the study selection were illustrated in Figure 1 . Generally, 217 kinds of literature were identified via the initial electronic search; 8 of them were selected according to inclusion and exclusion criteria and 1 paper was added to hand search. These articles had a parallel design and were from the Asian and European countries. The average of intervention period was 5 days. The number of participants varied from 12 to 109 subjects and the mean age was 60 years. Table 1 provides a summary of the study characteristics included in this systematic review. These studies were classified into the three groups: Effects of Gln intervention in colon or colorectal cancer patients under chemotherapy (n = 4), radiochemotherapy (n = 1) and under surgery (n = 4). The glutamine intervention in colon or colorectal cancer patients under chemotherapy One trail study assessed the effect of Gln on chemotropic side effects in colorectal metastatic patients among 4 female and 8 male with mean age 56.1 as the intervention group. These subjects consumed 0.4 g/kg glycine-Gln from 1 day before the beginning chemotherapy to the end of treatment period. All complications of metastatic colorectal cancer in duodenum and stomach before and after chemotherapy were classified, scored, and assessed according to the World Health Organization (WHO) criteria characterized by no disorder, mucositis, and ulcer. The effect of Gln was estimated before and after a first and third period of chemotherapy by gastroscopy, duodenoscopy, and biopsy. The results showed that the ratio of villus height to crypt depth in the duration of chemotherapy increased in Gln group and decreased in control group significantly.
Although decreased incidence of gastric and duodenal mucositis in Gln group was indicated, incidence and strength of chemotherapy side effects according to the WHO criteria did not improve in these patients. [19] Wang et al. investigated whether oral Gln was effective in the prevention of peripheral neuropathy induced by chemotherapy. This study was performed among patients with colon or rectum cancer. Gln group received 15 g Gln once every 2 weeks, twice daily for 7 days. Although results showed that the Gln intake can reduce neuropathy symptom, it had no effect on median survival time and improvement of nerve condition. [26] Another trial evaluated the effect of oral Gln on the toxicity of 5-fluorouracil (5-FU) as a chemotherapy drug among patients with colorectal cancer. Gln group 18 g/day Gln and placebo group 18 g/day maltodextrins received during 15 days that started 5 days before onset chemotherapy. The effect of 5-FU was assessed on intestinal absorption (IA) and intestinal permeability (IP) by measuring the D-xylose urinary excretion and cellobiose-mannitol test. Finally, the results showed that Gln supplementation could lead to the prevention of intestinal mucositis and diarrhea reduction and had a protective effect on IA and IP induced by 5-FU. [21] In another study which assessed the effects of elemental Gln on prevention of stomatitis and neutropenia, a reduction in these complications were seen. In this study, 22 patients with colorectal cancer with 67 years average age received 80 g L-Gln per day for 2 or 3 weeks per cycle of chemotherapy. [27] Generally, these studies suggested the decreased incidence of gastric and duodenal mucositis and diarrhea in Gln group. Also, Gln could reduce the neuropathy symptom, but there were not any changes in median survival time and improvement of nerve condition. Also, elemental Gln exerts the beneficial effects on stomatitis and neutropenia reduction.
The glutamine intervention in colon or colorectal cancer patients under radiochemotherapy
One study was performed among men and women with a mean age of 73 years, with rectal cancer undergoing preoperative radiochemotherapy to examine the influence of Gln on quantity and quality of diarrhea and some inflammatory factors. Intervention and placebo groups received 30 g/day of Gln and maltodextrin orally, respectively. Some factors such as body weight, age, and nutritional status had been adjusted between two groups. This intervention was begun simultaneously with the start of radiochemotherapy and lasted for five weeks. Although there was no significant difference in frequency and severity of diarrhea and plasma levels of inflammatory indexes between two groups, compared with other studies, the dosages and duration of this intervention has been same or even more. [12] The glutamine intervention in colon or colorectal cancer patients under surgery In this regard, the operated patients with colorectal cancer received parenteral Gln (1 g/kg/day) plus enteral nutrition contained a standard isonitrogenous and isocaloric formula. There was no significant difference in the several characteristics of patients such as age (above 50 years) and index of malnutrition. Compared with patients in enteral nutrition group, the rate of wound infection, intraabdominal abscess formation, wound dehiscence and duration of hospital stay were significantly lower than Gln group after 5 days pre and postoperative intervention. [20] Since the immune system among cancer patients with colorectal surgery is weakened, they are at risk for postoperative complications such as infection, hemorrhagic cytomegalovirus (CMV) colitis. [20, 28] Hence, one study researched about the influence of Gln on peripheral blood T-cell response in these patients. Randomly, patients were divided into two groups that received conventional total parenteral nutrition (TPN) in the control group and plus 0.18 g of Gln/kg/day in the Gln group from days 1 to 6 after surgery. As a result, T-cell DNA synthesis increased in Gln group and led to improve immune function. Although, Gln is an essential substrate for monocyte metabolism, this intervention has no effect on interleukin (IL)-2, IL-6, and tumor necrosis factor (TNF) levels that were produced by the activated monocyte. [13] Also, Morlion study assessed the effect of Gln on metabolic, immunologic and clinical variables among patients undergoing an elective resection of the colon or rectal cancer. Although intervention and control group received isonitrogenous and isoenergetic parenteral nutrition, 0.3 g/kg/day of l-alanyl-l-Gln was added to Gln group for 5 days after surgery. The mean of age, sex, weight and height were similar between two groups. Whereas, cysteinyl-leukotrienes (Cys-LTs), strong lipid mediators that are an essential prerequisite for host defense, generate from polymorphonuclear neutrophil granulocytes, it decreases with attenuated endogenous host defense. This survey reported that Gln administration could increase Cys-LTs concentration, improve immune response, and lymphocyte recovery. Also, improved nitrogen balance and shortened hospital stay was observed in this group. [17] According to another report, Gln supplemented parenteral nutrition in colon cancer patients could not decrease gastrointestinal complication after surgery. In this study, 29 patients with malnutrition were selected and divide to enteral immune nutrition (EIN) (n = 14) enriched with omega-3 fatty acids, arginine, and nucleotides, and TPN-Gln groups (n = 15). Among these patients, there were five cases of EIN and seven subjects of TPN-group with colon cancer who had undergone colectomy. The findings represented that the side effects after surgery decreased non-significantly in TPN-Gln and EIN group (33.3% vs. 50%, P = 0.2). Also, when all postoperative complications divided into different types, there was no significant difference between the two groups regarding minor and major complications such as pneumonia, bowel necrosis, intractable diarrhea, peripheral vein thrombophlebitis, abdominal distension and cramps, and noninfection. [29] Totally, although it can be noted that Gln may have beneficial effects on immune system, the improvement of several complications after surgery has been not observed in these studies.
DISCUSSION
Cancer and toxic effects resulting from antitumor therapy are the leading cause of mortality and morbidity among these patients. Therefore, the reduction of complications can lead to significant improvement in disease and increase life years of patients. [30] Our aim of this review was to assess the effects of Gln intake on chemotherapy, radiochemotherapy and surgery complications among colorectal or colon cancer patients. Although, we obtained controversial results in a few studies, [12, 29] overall findings suggested that Gln supplementation could improve some these side effects. It seems that Gln administration can reduce mucositis, diarrhea and neuropathy among patients under chemotherapy. [19, 21, 23, 27] Additionally, it could be associated with improvement in nitrogen balance, immune system and wound healing after surgery. [13, 17, 20, 31] In this field, the mechanisms that caused the favorite effect of Gln can be classified as follows.
The mechanism of glutamine efficacy on improvement of gut mucositis
Mucositis is more important complication induced by chemotherapy that occurs in 40% of patients with standard chemotherapy and 100% of cases with high dose chemotherapy agents. [32] As a result, the increased proinflammatory factors caused by chemotherapy can lead to progress of inflammation in the mucosal lining of the digestive tract. Also, enhancement of vascular permeability, microbial colonization and infection are associated with mucositis. [33] It is claimed that Gln has a protective effect on intestinal mucosa, and it can prevent bacterial and endotoxin transfer from the intestinal lumen into the blood circulation. [34, 35] It has been suggested that TNF-γ reduce the glutaminase enzyme activity. Subsequently, Gln availability can increase after the reduction of Gln break up.
[36] The amount of this enzyme is low in intestinal and rectal cells. So, these cells uptake Gln and improve mucositis in these parts of the gut. [21] Moreover, administration of Gln above physiological concentrations versus low concentration or short time treatment can enhance proliferation of lymphocyte, monocyte and macrophages to relief the mucositis. [22] Furthermore, the antioxidant characteristic of Gln and its influence on arginine pathway and nitric oxide production have an important role on mucositis improvement. Gln can maintain the integrity and barrier function of intestinal cells via the prevention of nitric oxide production induced by arginine. [22, 32] Additionally, it increased toxicity in tumor cells by down-regulation of glutathione as an antioxidative stress agent and enhance the effect of antitumor drugs. [11, 21, 26] Since, specific polymorphism in genes involved to toxicity effects of chemotherapeutic agents, [37] Gln through effect on genes expression, gens polymorphism, metabolism of chemotherapeutic drugs, and proinflammatory factors can induce toxicity in tumor cells. [32, 38] The effects of glutamine on neuropathy induced by chemotherapy Peripheral neuropathy induced by chemotherapy is a serious adverse effect associated with neurotoxic agents used for cancer treatment. [39] These drugs disturb the axon's metabolic supply, resulting in sensory and motor neuron damage. According to a report, sensory symptoms include numbness, burning, pain, diminished vibratory and cutaneous sensation, and hyporeflexia can improve by Gln supplementation. [18] While, chemotropic drugs result to decrease level of nerve growth factor in plasma and make neurotoxic complication in these patients, dietary intervention by Gln can increase the expression of nerve growth factors and decrease neurotoxic effects of chemotherapy.
The effects of glutamine on improvement negative nitrogen balance Negative nitrogen balance status in the body can lead to increased rate of catabolism, protein analysis which resulted in malnutrition and depletion muscles mass. [41, 42] Among patients undergoing cancer therapy, many factors such as insufficient dietary intake can lead to nutritional depletion. [17, 20] In fact, in this situation an altered protein metabolism, concomitant negative nitrogen balance and changes in the pattern of plasma free amino acids lead to the depletion of plasma-free amino acids, especially Gln stores. It has two nitrogen groups in side chains that act as the most important transporter of circulating nitrogen. [14, 20] Therefore, its supplementation affects nitrogen balance and increase retain of nitrogen, because of the quantity of nitrogen provided by Gln. [16, 17] The effects of glutamine on immune system Augmentation of the immune system in cancer patients to destroy the tumor cells and reduction of susceptibility to infection after surgery is a considerable subject. [13, 43] The role of Gln in proliferation capacity of T-lymphocytes and normal immune functions may be related to the production of energy in these cells. Also, it acts as a precursor of nucleotides required for cell proliferation and protein synthesis and turnover. [44] [45] [46] Since it is the substrate for T-cell DNA synthesis, the counts of circulating, total lymphocytes can increase by Gln that it leads to improving immune response. [47] Also, it has been observed that Gln deficiency can reduce production of some cytokine including IL-2 as the regulatory factors for defense system which resulted in activating the natural killer cells. [36, 48] Since, Gln can up-regulate antiapoptotic proteins and down-regulate proapoptotic proteins in T cells, it has the major role in the lymphocytes metabolism. [32, 49] Generally, Gln boosts immune system response which may help to destroy tumor cells.
The effects of glutamine on wound healing
Surgery is one of therapeutic strategy in patients with colon and colorectal cancer that wounds creation is one of its outcomes. Wounds are a suitable place to penetrate microorganisms and for this reason, acceleration wound healing due to the prevention of infection is important. [50] Gln administration can help to improve poor wound healing after surgery through an effect on amelioration the laceration strength of wound and help to the synthesis of mature collagen. [47] Also, it has been assumed that fibroblasts, a type of cell that synthesizes the extra cellular matrix and collagen which plays a critical role in wound healing, use Gln as the main energy resource for proliferation. [34, 51] In addition, proline, one of the Gln metabolism products, is essential for the collagen production. Furthermore, Gln can metabolize to arginine that it can promote wound healing in pharmacological doses. Therefore, this nutrient plays an important role in wound recovery. [20, 44] Nonetheless, there are doubts regarding the usefulness of such supplementation, because of the Gln role as an important fuel for tumor growth. [12, 45] It has been illustrated that Gln consumption increases in tumor tissues and consequently decreases its concentration. [14] Hence, it is possible that Gln feeding can help to high gastrointestinal tract tumor cell turnover that it may lead to more growth of these cells. [52, 53] Several sources heterogeneity between studies including intervention duration, Gln dosage, the number of participants, and type of complications can lead to various findings.
One of the limitations in this review is related to little attention regarding the role of Gln in cancer progression among all studies. Also, we should consider other limitations including short duration of interventions and low quality of most studies. [13, 17, 19, 29] Also, the studies had no exact and clear mechanisms to the explanation of Gln effectiveness. Furthermore, in all included studies, diet was not measured before and after the intervention. Thus, the potential biases related to confounding factors might occur. Nonetheless, the present systematic review has several strengths. Firstly, we systematically reviewed the articles with different therapeutic methods for cancer. Indeed, the effect of Gln on most complications induced by treatment in these patients was assessed. Secondly, in these reviewed studies, the effects of Gln on the patients with various stages of colon and colorectal cancer were investigated that can give a more comprehensive view regarding the Gln efficacy.
CONCLUSION
The main finding of this systematic review suggested that Gln intake among colon and colorectal cancer patients can reduce mucositis, diarrhea and neuropathy induced by chemotherapy and improve nitrogen balance, immune system, and wound healing after surgery. Further studies with long-term follow-up, a high number of participants, and consideration to adverse effects of Gln on tumor growth should be conducted.
